The effects of catecholamines and ascorbic acid on cultured bovine granulosa cells have been examined to assess their possible role in the initiation and maintenance of luteal oxytocin secretion. 
Using granulosa cells cultured in serum-supplemented medium, we observed a highly significant enhancement of oxytocin secretion in the presence of adrenaline and noradrenaline, particularly over the concentration range 1\p=n-\10 \g=m\mol/l. This effect was accompanied by smaller and less consistent changes in progesterone secretion and did not involve any change in the time-course of oxytocin secretion. Acetylcholine was without effect. Ascorbic acid stimulated oxytocin secretion when used alone over a range of concentrations, but was also able to synergize with adrenaline. Lactic acid was ineffective. The stimulation of oxytocin secretion by adrenaline could be blocked by equimolar propranolol, but the stimulation of progesterone was not blocked. Propranolol had a variable effect on the ability of theca tissue to stimulate oxytocin secretion by granulosa cells but the results also suggested the presence of some \g=b\-agonistic activity in the culture medium.
We conclude, first, that catecholamines may be involved in the regulation of ovarian oxytocin secretion, secondly, that ascorbate may regulate oxytocin secretion through its involvement in the biosynthesis of oxytocin but also through interaction with catecholamines and, thirdly, that the stimulatory action of theca tissue probably does not involve the action of \g=b\-agonists.
INTRODUCTION
Oxytocin is a substantial secretory product of the ruminant early corpus luteum (Ivell, 1986) . Ovarian secretion before ovulation is minimal (Wathes, Swann, Porter & Pickering, 1986/?) with major biosyn¬ thesis being initiated during or soon after follicular rupture (Ivell, Brackett, Fields & Richter, 1985; Wathes, Guldenaar, Swann et al. 1986 ). There is disagreement as to whether gonadotrophins stimu¬ late oxytocin production (Hirst, Rice, Jenkin & Thorburn, 1986; Schams & Roll, 1986) , and the exact mechanisms through which secretion is induced and maintained remain unclear.
We have recently described in-vitro studies in which granulosa cells, taken from healthy preovulatory fol¬ licles and cultured in the presence of serum, secreted oxytocin as well as large quantities of progesterone (Jungclas & Luck, 1986 ). These cells therefore exhibited two of the important endocrine changes associated with the transition from follicular to large luteal cell activity (Koos & Hansel, 1981; Guldenaar, Wathes & Pickering, 1984) . It was found that follicu¬ lar theca tissue added to the culture enhanced oxyto¬ cin secretion, suggesting that intermixing of theca and granulosa cells during luteinization (Priedkalns, Weber & Zemjanis, 1968) might provide a mechanism for the initiation of secretion. In examining other tissues for stimulatory activity, a highly significant enhancement of secretion was seen when adrenal tis¬ sue was added to the granulosa cell culture. The nature of the theca product responsible for the enhancement of oxytocin secretion has yet to be estab¬ lished. However, in view of the stimulatory effects of adrenal tissue, the presence of adrenergic sympathetic nerves within the ovary (Burden & Lawrence, 1980; Guraya, 1985) , particularly that of the ruminant (Stefenson, Owman, Sjöberg et al. 1981) , and the ability of ß-agonists to stimulate luteal progesterone secretion (Condon & Black, 1976; Battista & Condon, 1986a,b) we have now investigated the effects of catecholamines on oxytocin secretion. A cholinergic system is also present in the ovary, but is less well developed (Stefenson et al. 1981) .
Ascorbic acid is involved in catecholamine biosyn¬ thesis (Levine, Morita, Heldman & Pollard, 1985) in both adrenal and central nervous tissue and is released during catecholamine secretion (Levine, Asher, Pollard & Zinder, 1983) . Furthermore, it is frequently used in in-vitro studies of catecholamine action to reduce oxidation during the course of an experiment. We have adopted this procedure but in doing so we observed a stimulation of oxytocin secretion using ascorbic acid alone. This effect has been investigated and considered in relation to the possible intracellular mechanisms of ovarian oxytocin secretion.
MATERIALS AND METHODS
The procedures used for preovulatory follicle selec¬ tion, granulosa cell preparation, flat plate culture and radioimmunoassay (RIA) of progesterone and oxytocin have been given in detail previously (Jungclas & Luck, 1986) (Labarca & Paigen, 1980) as an index of cell number (Jungclas & Luck, 1986) , and used for culture in 1 ml aliquots at concen¬ trations of between 5 and 15 10s cells/ml. The medium for culture was supplemented to 10% (v/v) (Jungclas & Luck, 1986) (Jungclas & Luck, 1986) , progest¬ erone secretion was reduced by theca tissue. Similar concentrations of catecholamines in the presence of ascorbate (0-5 mmol/1; 0-01%) produced a highly sig¬ nificant increase (4-4-to 6-fold) in oxytocin secretion compared with the control (Fig. 1) . Ascorbate alone produced a smaller stimulation (2-6-fold). In contrast to the catecholamines, acetylcholine had no effect be¬ yond that achieved using ascorbate alone. Progester¬ one secretion was increased slightly (1-3-to (Parlow, 1958; Karg, 1974) (Eipper, Mains & Glembotski, 1983) . There is as yet no directly compar¬ able evidence on the mechanism of oxytocin biosyn¬ thesis within the ovary, but the precursor molecule is thought to be located in intracellular granules in the same manner (Guldenaar et al. 1984; and presumably requires similar enzymic processes for its release. Consistent with this requirement for ascorbate is a preliminary report that its concentration in ovine luteal tissue fluctuates during the period of oxytocin secretion (Sheldrick & Flint, 1986 (Zeilmaker & Verhamme, 1977) , probably as a result of increas¬ ing gonadotrophin stimulation (Hillier, Purohit & Reichert, 1985 (Battista & Condon, 19860) . As in the case of ascor¬ bate, the relevance of the effective doses used here to those pertaining in the luteal environment is not known. However, the relatively limited concentration range over which greatly enhanced secretion occurred (Fig. 3) suggests that the ovary may respond to acute changes in catecholamine concentration. A prelimi¬ nary report (Heap, Fleet, Flint et al. 1986) (Battista & Condon, 1986a) .
The most effective doses of catecholamine which we observed (1-10 pmol/1) are similar to those used in studies of bovine corpus luteum function in vitro (Condon & Black, 1976; Jordan, Caffrey & Niswender, 1978; Milvae, Alila & Hansel, 1983 ) and found to be stimulatory to progesterone secretion over a 2-h incubation period. However, the literature is divided as to whether ß-agonists in general are stimulatory to the ruminant corpus luteum (Godkin, Black & Duby, 1977; Rhodes & Randel, 1982; Battista & Condon, 1986a,b) supplied with ß-receptors (Battista & Condon, 1986 ).
